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Abstract: Factors associated with frailty, particularly dietary patterns, are not fully understood in
Mediterranean countries. This study aimed to investigate the association of data-driven dietary
patterns with frailty prevalence in older Lebanese adults. We conducted a cross-sectional national
study that included 352 participants above 60 years of age. Sociodemographic and health-related
data were collected. Food frequency questionnaires were used to elaborate dietary patterns via the
K-mean cluster analysis method. Frailty that accounted for 15% of the sample was twice as much
in women (20%) than men (10%). Identified dietary patterns included a Westernized-type dietary
pattern (WDP), a high intake/Mediterranean-type dietary pattern (HI-MEDDP), and a moderate
intake/Mediterranean-type dietary pattern (MOD-MEDDP). In the multivariate analysis, age, waist
to height ratio, polypharmacy, age-related conditions, and WDP were independently associated with
frailty. In comparison to MOD-MEDDP, and after adjusting for covariates, adopting a WDP was
strongly associated with a higher frailty prevalence in men (OR = 6.63, 95% (CI) (1.82–24.21) and in
women (OR = 11.54, 95% (CI) (2.02–65.85). In conclusion, MOD-MEDDP was associated with the
least prevalence of frailty, and WDP had the strongest association with frailty in this sample. In the
Mediterranean sample, a diet far from the traditional one appears as the key deleterious determinant
of frailty.
Keywords: frailty; dietary pattern; malnutrition; food groups; Mediterranean dietary pattern; West-
ernized dietary pattern; older adults; cross-sectional study
1. Introduction
The frailty phenotype is a multifactorial syndrome associated with aging, charac-
terized by unintentional weight loss, self-reported exhaustion, muscular weakness, slow
walking speed, and low physical activity [1]. Physical frailty is also recognized as a risk
factor for mortality, increased morbidity [2], malnutrition [2], and falls [3,4]. If not managed,
frailty can lead to disability and dependency [5,6], and become a burden to the individual,
caregivers, and public health authorities. This process, which moves from robustness to
frailty, disability, then dependency, is preventable, and could even improve in some aspects,
if addressed in the early stages (i.e., in the prefrail state) [7–10].
Frailty, being a multifactorial condition, is related to several sociodemographic-,
lifestyle-, and health-related factors. Associations were found between frailty risk and
marital status [11], education [12], depression [13], polypharmacy [14], and nutritional
status [2,15].
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Gender discrepancies have also been reported regarding the risk of frailty. Although
women tend to live longer, their health status is poorer than men and biological and
socio-behavioral factors may contribute to a higher frailty predisposition [16,17]. In many
studies, the prevalence and incidence of frailty in women was found to be greater than in
men [18].
Among other risk factors for frailty, anthropometric, nutritional, and dietary risk
factors are often mentioned [17]. Frailty is also closely related to body composition and
nutritional status. It is well established that malnutrition and the risk of malnutrition,
characterized by low mini-nutritional assessment (MNA) scores, increase the risk of frailty
in older adults [19,20]. BMI was also associated with frailty in a U shape trend, with both
low and high BMI being associated with higher incidence of frailty [21–25]. Furthermore,
central obesity characterized by a high waist circumference (WC), has also been linked to
frailty risk, and recent studies even reported that the association between BMI and frailty
was in part mediated by waist to height ratio (WHTR) [26–28].
According to several authors, current recommended dietary allowances (RDA) for
protein intake at 0.8 g/kg (BW) appears to be insufficient to prevent muscle loss with
aging [29]. The protein intake that showed a better muscle preservation and was linked to
lower frailty risk was proposed at protein intakes between 1 and 1.5 g/kg BW [29–32].
Apart from the nutritional status, dietary patterns were also linked with risk of frailty
in older adults. Rashidi et al. showed that people adopting a healthy dietary pattern,
characterized by a high consumption of fruits, vegetables, and whole grains, had 31%
less chance of becoming frail [33]. Pooled results showed that a greater adherence to a
Mediterranean diet, evaluated by the Mediterranean Diet Score (MDS), was associated with
a significantly lower risk of frailty compared to poorer adherence [34,35]. Similar findings
from the Hellenic Longitudinal Investigation on Aging and Diet (HELIAD) showed that
each additional unit in the MDS was associated with a 5–7% decrease in the odds of frailty,
depending on the tools used in the evaluation of frailty [36]. In Spain, a higher prevalence of
frailty was observed in older adults adopting an unhealthy dietary pattern (DP) compared
to individuals adopting a healthy dietary pattern [37]. In England, a longitudinal study
showed that a dietary pattern characterized by a high fat intake and low fiber intake
was associated with a higher risk of frailty in men. Following a prudent diet and having
a higher adherence to a Mediterranean dietary pattern was also found to decrease the
likelihood of frailty [38]. The Rotterdam cohort study showed that a higher adherence
to national dietary guidelines was associated with lower risk of frailty over time, and a
traditional dietary pattern characterized by a high consumption of legumes, eggs, and
savory snacks was the only one protecting against frailty; health-conscious dietary patterns
and high meat patterns failed to be associated with frailty [39]. Results from the 12-year
follow-up, three-city study, showed that men following the dietary pattern characterized
by a “pasta” pattern, and women adopting the “biscuits and snacking” pattern had a
significantly higher risk of frailty compared with those following the “healthy” pattern
(characterized by higher fish intake in men and higher fruits and vegetables intake in
women) [40]. In the multicentric, 1 year NU-AGE interventional study, the administration
of a Mediterranean diet for a 1year period, by modulating the microbiome ecosystem was
linked with lower frailty incidence in older adults [41].
Several studies showed that prevalence of frailty and pre-frailty in low- to middle-
income countries (LMIC) was higher than in high income countries (HIC) [18,42]. In
Lebanon, one of the countries bordering the Mediterranean basin with an aging population,
few studies have yet been interested in the frailty status among its elderly population.
In 2016, the prevalence of frailty (including pre-frailty) was estimated to 66.8% in rural
living older individuals, aged 65 years and more, with a higher prevalence of frailty
among individuals considered undernourished or at risk of malnutrition according to
MNA [19,43]. However, no data is available on the association between nutritional status,
dietary patterns, and frailty in this population.
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The aims of the present study were (i) to determine the prevalence of frailty and its
covariates among older Lebanese adults, and (ii) to explore the association between dietary
patterns and frailty among these individuals.
2. Materials and Methods
2.1. Study Design and Participants
We conducted a national, cross-sectional study in seven of the eight governorates of
Lebanon. Recruitment of participants and data collection were carried out in collaboration
with the Ministry of Social Affairs (MOSA) through 77 medico-social centers serving low to
middle class income families, from October 2017 to October 2019. The sample was weighed
according to the proportion of older adults over 60 years in each governorate and was
randomly selected based on the sample previously drawn for the validation of the Arabic
version of Mini-Mental State Examination (MMSE) [44,45].
As shown in Figure 1, a sample of 600 individuals was initially targeted. Individuals
were included in the present study if they were aged 60 years and above, community
dwelling, and attending the MOSA socio-medical centers for medical care and social assis-
tance. Non-inclusion criteria included artificial feeding, total dependency, major hearing
and visual impairment, active cancer disease, end stage kidney disease with hemodialysis,
and advanced liver disease, as diagnosed by the center medical team. Once contact was
initiated, 159 individuals were either unable to be reached, refused to participate, or were
deceased after randomization, and six were excluded because of newly discovered cancer
or major disability. Data were finally retained for 401 participants, of whom, 352 (88%) had
a valid Food Frequency Questionnaire (FFQ).
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Participants were contacted (via phone) by social workers or nurses working in the
MOSA centers and were invited to attend the MOSA center. Information was collected by
10 dietitians living in the area surrounding the MOSA centers and who were familiar with
the dietary habits of the local inhabitants. All investigators underwent several training
sessions before starting the survey. To decrease investigator bias, all filled questionnaires
were reviewed by the principal and field investigators before data entry. Each person was
interviewed at the center near his/her home, and for participants unable to attend, the
interview was performed by the research team at home. The interview with each participant
or caretaker lasted around 30–45 min. Depending on literacy, the cognitive functions of each
participant were assessed either through the Mini-Mental State Examination (MMSE) [44]
or “Test des Neufs Images” (TNI) [46]. In case of significant cognitive decline, then the
accompanying person was asked to fill the questionnaire on behalf of the participant.
The study was conducted in accordance with the Declaration of Helsinki, and the
protocol of the study was approved by the Ethics Committee of Saint Joseph University of
Beirut (USJ 2016-99). Written informed consent was signed by each participant, prior to
completion of the interview.
2.2. Data Collected
2.2.1. Frailty and FRAIL Scale
Frail status of the participants was assessed based on the five criteria of FRAIL scale
including fatigue, resistance, ambulation, illness, and loss of weight [47]. Fatigue was
measured by asking respondents how much time during the past 4 weeks they felt tired,
with responses of “all of the time” or “most of the time” scoring 1 point. Resistance was
assessed by asking participants if they had any difficulty walking up 10 steps alone without
resting and without aids, and ambulation, by asking if they had any difficulty walking
several hundred yards alone and without aids; “yes” responses were each scored as 1 point.
Illness was scored 1 for respondents who reported 5 or more illnesses out of the 11 following
illnesses: heart attack, congestive heart failure, angina, asthma, arthritis, stroke, kidney
disease, hypertension, diabetes, cancer, and chronic lung disease. Weight loss was scored
1 for respondents with a self-reported weight decline of 5% or greater within the past
12 months. Frail scale scores range from 0–5 and represent frail (score = 3–5), pre-frail
(score = 1–2), and robust (score = 0) health status [47]. For data analysis, the studied sample
was further categorized to frail versus non-frail (robust or prefrail).
2.2.2. Sociodemographic and Health-Related Data
Information regarding age and gender, living conditions, marital status, and economic
situation were collected. Participants were asked to state whether they live alone or with
any relative, spouse, family members, or friends. Educational level and literacy were
evaluated and classified into two categories: >7 years and ≤7 years of education.
Number and type of diseases and health conditions were reported by each partici-
pant or its caregiver: cardiovascular diseases, diabetes, hypertension, heart failure and
arrhythmia, renal disease, thyroid disorder, gastrointestinal diseases, anemia, osteoarthritis
and arthritis, and osteoporosis. The presence of these diseases was ascertained based on:
(a) self-reports linked to previous diagnoses, and/or (b) available medical records kept in
the MOSA center, and/or (c) available medical prescriptions. The number of diseases was
summed and categorized to multimorbidity defined as the simultaneous presence of two or
more diseases in the same individual. Hearing or visual impairment, poor oral health, and
sleep disorders were grouped as age-related conditions. Results were then dichotomized
based on the presence of two or more of these age-related conditions. Current medications
were recorded by caregiver, and polypharmacy was defined as the regular use of six or
more prescription medications daily.
Since cognitive decline might influence reporting in the elderly population, cognitive
impairment was evaluated depending on literacy, using population specific cut-offs based
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on age, educational level and sex, of MMSE for literate participants, and a score of TNI,
Total Recall ≤ 9, for illiterate participants [44,46,48].
2.2.3. Anthropometric and Functional Measurements
Data included height, weight, body mass index (BMI), waist circumference (WC), and
waist to height ratio (WHR). BMI was categorized according to the Lipchitz classification
(<22, 22–27, and >27 kg/m2) [49], Hand grip strength (HGS) was measured using the
handgrip electronic dynamometer (Camry EH101). Handgrip strength was performed
3 times and the average of the three measurements was the reported result. We then used
the BMI and gender specific cut-off values of HGS as classified by Fried phenotype, to
classify as low or good HGS measurements [50].
Physical activity was evaluated using the Rapid Assessment of Physical Activity
(RAPA) 2 scale. The nine-item questionnaire covered all ranges of activity, from sedentary
to regular and vigorous physical activity in addition to strength training and flexibility
adapted to the elderly [51]. Respondent’s score was initially categorized into five levels of
physical activity. For data analysis, these levels were then classified into three categories:
sedentary, regular active and optimal active. Responses to the strength training and
flexibility items were scored separately [51].
2.2.4. Nutritional and Dietary Data
Nutritional status was estimated using the Mini-Nutritional Assessment Short Form
(MNA-SF) [52], classifying individuals into three levels: normal nutritional status (score
above 12), at risk of malnutrition (scores 8–11), and malnutrition (scores below 8). Partici-
pants were then classified into two categories: the first category named “poor nutritional
status” included participants that were considered malnourished and at risk of malnutri-
tion by the MNA-SF, and the second category named “normal nutritional status” included
participants who had a normal nutritional status according to MNA-SF.
Dietary assessment and food consumption was measured using a population based
FFQ, reporting the consumption of a list of 90 food items (validation in progress of publica-
tion) and representing all food groups, consumed the previous year: bread and cereals, milk
and dairy, vegetables and fruits, meat, poultry and fish, fats and oils, sweets and desserts,
and non-alcoholic beverages. Consumption of these items was reported as daily, weekly,
or monthly, as usual portion size. A manual illustrating the usual servings and portions of
foods listed in the FFQ was developed for the study to help investigators and participants
better estimate quantities consumed. The portions consumed were then translated into
daily consumption in grams. Daily consumption was later analyzed by Nutrilog software
(Nutrilog, version 3.20, France) to extract daily nutrient intake. To extract dietary patterns,
the 90 foods listed in the FFQ were then grouped into 20 predefined categories based
on similarities in nutrient composition and consumption characteristics (Supplemental
Material: Table S1). These categories were then entered in the K-mean cluster analysis to
determine the dietary patterns of our population.
For all the categories of food, except for sweets, reported portions used to estimate con-
sumption were based on standard portions adopted in the dietary guidelines 2015–2020 [53].
Sweetened soft drinks were added to sugars and jams after sugar content estimation was
made. As for sweets and desserts, usual serving size was adopted for cluster analysis.
2.3. Statistical Analysis
Statistical analysis was performed using the SPSS program version 21.0. Difference be-
tween genders and frailty status for sociodemographic, nutritional, dietary, health-related,
and anthropometric data, were compared using the non-parametric tests, Mann–Whitney
and Kruskal–Wallis for numeric variables that are not normally distributed, and chi-square
test for categorical variables. K-means clustering was used to regroup participants with
similar dietary patterns. Differences in food intake between dietary patterns was calcu-
lated by Kruskal–Wallis test. Cut-offs for age, polypharmacy, multimorbidity, age-related
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conditions, and waist to height ratio (WHTR) were determined through classification tree
and used for subsequent multivariate analysis. In the multivariate analyses, we proceeded
to several models of binary logistic regression using dichotomized frailty variable as the
dependent variable. Odds-ratios with 95% confidence intervals were calculated. The main
explanatory variables reaching significance level identified in each model were added to
the following model. Age category, marital status, education level, and living conditions
were entered first (model 1). From this model, we retained covariates significantly as-
sociated with frailty and then added anthropometric variables including MNA-SF, BMI,
and waist to height ratio categories (model 2). From model 2, we retained all covariates
significantly associated with frailty and then added health-related covariates (multimor-
bidity, polypharmacy, and age-related conditions (model 3). From model 3, we retained
all covariates significantly associated with frailty and finally added food dietary patterns
(model 4). Each Model was rerun with the food patterns groups in order to adjust for the
variables identified respectively in each model. The multivariate analysis was rerun for
each gender. The level of significance was fixed at a p = 0.05 for all analyses.
3. Results
3.1. Sample Characteristics
The present analysis included 352 participants, with 50% being women. Details of the
sample characteristics are shown in Table 1.
Table 1. Sociodemographic and clinical characteristics of the total sample, and stratified by gender (N = 352).
Total (N = 352) Men (N = 176) Women (N = 176) p Value
Sociodemographic Status
Age (years) 73 (67–79) 73 (67.3–80) 73 (67–78) 0.288
Marital status
Married 232 (65.9) 143 (81.3) 89 (50.6) <0.001
Divorced 10 (2.8) 4 (2.3) 6 (3.4)
Single 18 (5.1) 6 (3.4) 12 (6.8)
Widowed 92 (26.1) 23 (13.1) 69 (39.2)
Living conditions
Living Alone 53 (15.1) 16 (9.1) 37 (21) <0.001
Living with partner 202 (57.4) 131 (74.4) 71 (30.3)
Living with others 97 (27.6) 29 (16.5) 68 (38.6)
Education Low level 149 (42.3) 65 (36.9) 84 (47.7) 0.04
Economic status Insufficient income 198 (56.3) 98 (55.7) 100 (56.8) 0.159
Health and Functional Status
Frailty status Frail 53 (15.1) 18 (10.2) 35 (19.9) 0.01
Not frail 299 (84.9) 158 (89.8) 141 (80.1)
Cognitive Status Low cognitive test 116 (33) 57 (32.4) 59 (33.5) 0.821
Polypharmacy ≥6 drugs 254 (73.8) 133(77.8) 121 (69.9) 0.098
Multi-morbidity ≥2 chronic illnesses 270 (76.9) 127 (72.6) 143 (81.3) 0.054
Age-related conditions ≥2 conditions 189 (53.7) 84 (47.7) 105 (59.7) 0.025
Physical Activity
Sedentary 275 (78.1) 146 (83) 129 (73.3) 0.301
Regular Active 74 (21) 30 (17) 44 (25)
Optimal active 3 (0.9) 0 (0) 3 (1.7)
Strength HGS (kg) 23.1 (17.8–31.2) 31 (24.5–35.7) 18.3 (13.6–22.3) <0.001
Nutritional Status and Nutrient Intake
BMI
BMI(kg/m2) 28.2 (25–32.8) 27.5 (24.3–31.2) 29.7 (25.9–35.1) <0.001
BMI < 22 109 (31) 64 (36.4) 45 (25.6) 0.042
BMI (22–27) 30 (8.5) 17 (9.7) 13 (7.4)
BMI > 27 213 (60.5) 95 (54) 118 (67)
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Table 1. Cont.
Total (N = 352) Men (N = 176) Women (N = 176) p Value
WTHR 0.64 (0.59–0.70) 0.62 (0.57–0.67) 0.67 (0.61–0.75) <0.001
Nutritional status Normal 225 (63.9) 114 (64.8) 111 (63.1) 0.74
(MNA-SF score) Poor 127 (36.1) 62 (35.2) 65 (36.9)
Energy and
macronutrients intake
Energy (Kcal/d) 1824 (1509–2299) 2031 (1638–2447) 1726 (1408–2094) <0.001
Calories (Kcal/kg BW) 25.3 (20.1–31.8) 26.1 (20.1–31.8) 24.5 (19.5–31.9) 0.214
Carbohydrates(g/d) 201 (161.3–258) 226 (178.5–293) 185.5 (145.3–218.5) <0.001
Proteins (g/d) 66.7 (50.1–84.1) 72.3 (58.9–92.3) 59.6 (46.1–73.2) <0.001
Proteins (g/kg BW) 0.91 (0.68–1.15) 0.94 (0.73–1.17) 0.85 (0.65–1.13) 0.022
Fats (g/d) 89.2 (72.5–111) 90.4 (74.1–112.8) 86.3 (70.6–109.8) 0.076
Abbreviations: BMI: body mass index; WC: waist circumference; WHTR: waist to height ratio; HSG: handgrip strength; Kcal/d: Calories
per day; Calories/kg BW: Calories per kg body weight; Protein/kg BW: Proteins per kg body weight. Numeric variables are represented as
median (interquartile range). Categorical variables are represented as N (percentage).
The sample accounted for 15.1% frail individuals, with more women being classified
as frail compared to men: 35 (19.9%) and 18 (10.2%), respectively. In addition, women
had more age-related conditions compared to men and more women than men had a low
educational level.
Median BMI for the total sample was 28.2 kg/m2, with 60.5% of the sample having a
BMI > 27 kg/m2. Women had a significantly higher median BMI 29.7 (25.9–35.1) kg/m2
compared to men 27.5 (24.3–31.2) kg/m2. Median WHTR was also significantly higher
among women. With 63.9% of the sample having a normal nutritional status as evaluated
by MNA-SF, no difference was found between nutritional statuses among gender.
Median energy intake of the participants was 1824 Kcal/d. Energy, carbohydrates,
and protein intakes were lower in women compared to men. Median protein intake per
kg body weight (g/kg BW) was also lower in women (0.85 g/kg BW) compared to men
(0.94 g/kg BW). Caloric intake per kg body weight (Kcal/kg BW) was nonetheless not
different between the two sexes.
3.2. Dietary Patterns
As shown in Table 2, three dietary patterns were identified in the total sample. The
first, named Westernized-type dietary pattern (WDP), followed by 11.9% of the participants
(29 men and 13 women), was characterized by the highest caloric intake, consumption
of refined flour products, sugar and sweets, dairy products, as well as processed and
saturated fats and the lowest olive, seeds, and oleaginous fruits and whole cereal products
intake. The second pattern, named high intake/Mediterranean-type dietary pattern (HI-
MEDDP), adopted by 23% of participants (21 men and 60 women), was characterized by a
relatively high caloric intake, a higher consumption of vegetables, fruits, legumes than the
other 2 DPs, and the highest consumption of foods rich in monounsaturated fats. Median
consumption of olive, seeds, and oleaginous fruits in the HI-MEDDP group was above nine
teaspoons of oil equivalent per day. This pattern also had the lowest consumption of refined
flour products, and the highest consumption of whole cereal products. Finally, the third
pattern, named moderate intake/Mediterranean-type dietary pattern (MOD-MEDDP),
represented the highest proportion of our sample (65.1% of the sample, with 126 men and
106 women), and was characterized by a diversified and balanced DP. Consumption of
most foods in this pattern was either intermediate or lower compared to the other two
patterns, with the lowest consumption of sweets and sugar among the three patterns.
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Table 2. Consumption of predefined food categories according to dietary patterns for the overall sample. N = 352.
WDP HI-MEDDP MOD-MEDDP p Value
N = 42 (11.9%) N = 81 (23%) N = 229 (65.1%)
Kilocalories/day 2261 (1953–2845) 2028 (1652–2473) 1743 (1453–2123) <0.001
Refined flour products 5.09 (3.38–7.84) 2.25 (0.7–5.09) 3.32 (1.15–5.11) <0.001
Whole breads and cereals (including burghul) 0.35 (0.11–1.46) 1.49 (0.36–2.82) 0.76 (0.18–2.33) 0.008
Potato 0.4 (0.14–0.78) 0.27 (0.1–0.51) 0.25 (0.1–0.43) 0.024
Vegetables 2.9 (2.1–3.84) 3.74 (2.59–5.23) 2.93 (2.09–4.52) 0.002
Fruits 2.1 (1.09–2.78) 2.45 (1.52–3.4) 1.89 (1.25–2.86) 0.033
Legumes 0.3 (0.18–0.57) 0.57 (0.24–0.86) 0.29 (0.13–0.57) 0.006
Meat and poultry 2.26 (1.49–3.6) 2.02 (1.5–2.94) 1.93 (1.2–3.03) 0.137
Eggs 0.57 (0.25–0.86) 0.29 (0.18–0.57) 0.29 (0.1–0.57) 0.002
Fish and shellfish 0.42 (0.08–0.78) 0.43 (0.17–0.83) 0.4 (0.13–0.73) 0.568
Milk and dairy products 1.89 (1.05–2.61) 1.71 (0.99–2.43) 1.39 (0.85–2.05) 0.002
Vegetable oils 3 (0.94–4) 3 (1–3.62) 3 (2–3.08) 0.704
Olive, seeds and oleaginous fruits 4.03 (3–6.04) 9.87 (8.02–12.67) 4.16 (3.07–6.18) <0.001
Processed and saturated fats 0.02 (0–1) 0 (0–0.17) 0 (0–0.18) 0.024
Low fat sweets 0.49 (0.07–2.11) 0.43 (0.08–1.33) 0.14 (0–0.36) <0.001
High fat sweets 0.19 (0.07–0.49) 0.14 (0–0.43) 0.07 (0–0.26) <0.001
Sugars and jams 8.5 (6.05–12.36) 3 (0.96–5.37) 1 (0.15–2.13) <0.001
Abbreviations: WDP: Westernized dietary pattern; HI-MEDDP: high-intake Mediterranean dietary pattern; MOD-Med: moderate-intake
Mediterranean dietary pattern. Caloric intake and intake of food groups per day are represented as Median (interquartile range). Values
represent the cluster centers of each food group in the three identified food patterns, expressed in portions/day.
Gender-specific food consumption characteristics of the 3 DP, showed that women
following the WDP consumed more sugar portions (median consumption of 13 teaspoons
of sugars and jams) than men (equivalent to almost seven teaspoons of added sugar) in this
same pattern, although median energy intake was on average lower in women compared
to men. Men and women adopting the HI-MEDDP had the highest median consumption
of olive, seeds, and oleaginous fruits (12 and 9 teaspoons equivalent of fat, respectively)
(data in Supplementary Table S2).
3.3. Frailty
3.3.1. Frailty Association with Sociodemographic and Health-Related Factors
Sociodemographic, health, and nutritional characteristics of the study sample accord-
ing to the frailty status are represented in Table 3. Factors associated with frailty included
higher age, female gender, and lower educational level (<7 years at school); the latter was
not associated to frailty in men.
Table 3. Sociodemographic and health-related factors associated with frailty in total sample and stratified by gender.
Total Men Women
N = 352 176 (50) 176 (50)
Non-Frail Frail p Value Non-Frail Frail p Value Non-Frail Frail p Value
N (%) 299 (84.9) 53 (15.1) 158 (89.8) 18 (10.2) 141 (80.1) 35 (19.9)
Sociodemographic Parameters
Age (years) 72 (60–93) 78 (60–91) <0.001 72 (60–93) 82 (60–88) 0.003 72 (60–90) 76 (65–91) 0.001
Education Elementaryand lower 116 (38.8) 33 (62.3) 0.001 57 (36.1) 8 (44.4) 0.486 59 (41.8) 25 (71.4) 0.002




Polypharmacy 61 (21) 29 (54.7) <0.001 32 (20.9) 6 (33.3) 0.231 29 (21) 23 (65.7) <0.001
Multi-morbidity 218 (73.2) 52 (98.1) <0.001 110 (70.1) 17 (94.4) 0.028 108 (76.6) 35 (100) <0.001



























Nutritional Status, Strength, and Activity
Low HGS 127 (45) 44 (86.3) <0.001 64 (43) 13 (81.2) 0.004 63 (47.4) 31 (88.6) <0.001
Physical
activity
Sedentary 224 (74.9) 51 (96.2)
<0.001
128 (81) 18 (100)
0.042
96 (68.1) 33 (94.3)
<0.001Regular 72 (24.1) 2 (3.8) 30 (19) 0 (0) 42 (29.8) 2 (5.7)
Optimal 3 (1) 0 (0.0) 0 (0) 0 (0) 3 (2.1) 0 (0)
Poor nutritional status 96 (32.1) 31 (58.5) <0.001 51 (32.3) 10 (55.6) <0.001 44 (31.2) 21 (60) <0.001
Abbreviations: BMI: body mass index; WC: waist circumference; WHTR: waist to height ratio; HSG: handgrip strength; MNA-SF:
Mini-Nutritional Assessment-Short Form. Numeric variables are represented as median (interquartile range). Categorical variables are
represented as N (%).
Taking more than five medications, having more than one disease, more than one
age-related condition, and having a higher WHTR was associated with frailty in the total
sample and in women. In men, only multimorbidity was found to be associated with frailty,
whereas no association with health and anthropometric parameters was observed.
Regarding nutritional status evaluated by MNA-SF, we identified a significant associa-
tion with frailty, with a higher prevalence of poor nutritional status (malnutrition and risk
of malnutrition) among frail individuals in both genders.
3.3.2. Frailty and Dietary Patterns
Table 4 displays the dietary patterns and food intake associated with frailty.
Table 4. Dietary patterns, food, and nutrient intake associated with frailty in the total sample and stratified by gender.














WDP 33 (11) 9 (17) 0.125 26 (16.5) 3 (16.7) 0.673 7 (5) 6 (17.1) 0.01
HI-MEDDP 65 (21.7) 16 (30.2) 20 (12.7) 1 (5.6) 45 (31.9) 15 (42.9)
MOD-MEDDP 201 (67.2) 28 (52.8) 112 (70.9) 14 (77.8) 89 (63.1) 14 (40)
Food Intake
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Table 4. Cont.





















































































Abbreviations: WDP: Westernized dietary pattern. HI-MEDDP: high-intake Mediterranean dietary pattern. MOD-Med: moderate-intake
Mediterranean dietary pattern. Kcal/d: calories per day. Calories/kg BW: calories per kg body weight. Protein/kg BW: proteins per kg
body weight. Numeric variables are represented as median (interquartile range). Categorical variables are represented as N (%).
Individuals adopting the MOD-MEDDP accounted for 67.2% of the non-frail group
compared to 21.7% and 11%, for the HI-MEDDP and WDP, respectively. Nonetheless, in
the univariate analysis, dietary patterns seemed to be associated with frailty status only in
women. Women adopting the WDP accounted for 5% of the non-frail group compared to
17.1% of the frail group, and women adopting the MOD-MEDDP accounted for 63.1% of
the non-frail group compared to 40% of the frail group.
Concerning nutrients, median caloric, carbohydrates, and protein intakes were higher
in the non-frail compared to frail group, in the total population, and in men. Median g
of protein/kg BW was found to be significantly higher in the non-frail group, only in the
overall population.
The multivariate logistic regression analysis performed in the total sample (Table 5),
included 327 individuals with complete set of data each, and fulfilling all criteria of
inclusion. Within the total sample, in the first model, independent factors associated with
frailty, included age above 75 years, female gender, and low level of education. When
anthropometric and nutritional status parameters were added in the second model, factors
associated with frailty were age above 75 years, WHTR > 0.718 and poor nutritional status
compared to normal nutritional status. In the third model, when health-related parameters
were added to the analysis, factors associated with frailty included age, WHTR > 0.718,
poor nutritional status, polypharmacy, multimorbidity, and age-related conditions. In the
final model, by adding dietary patterns, independent factors comprised age above 75 years,
WHTR > 0.718, poor nutritional status, polypharmacy, age-related conditions, and WDP.
The multivariate association between dietary patterns and frailty is described in
Table 6. In the overall sample, no association was observed between dietary patterns
and frailty prevalence. After adjusting for main confounders, women adopting the WDP,
compared to those adopting the MOD-MEDDP, exhibited a higher prevalence of frailty, in
the first and second models, as well as in the fully adjusted model (odds ratio ((OR) 11.54,
95% confidence interval (CI) (2.02–65.85)). In men, similar results were observed: adopting
a WDP was associated with a higher prevalence of frailty only in the fully adjusted model,
((OR) 6.63, 95% (CI) (1.82–24.21)), when compared to the MOD-MEDDP. Finally, the HI-
MEDDP was not significantly associated with frailty prevalence, in the overall sample, nor
in men compared with following a MOD-MEDDP.
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Table 5. Binary logistic regression models of frail vs. non-frail for the total sample.
Associated Factors Model 1 Model 2 Model 3 Model 4
Sociodemographic
Parameters
Age > 75 years 3.667 (1.93–6.99) 3.55 (1.75–7.21) 2.91(1.42–5.94) 2.83(1.42–5.63)
Female gender 2.66 (1.33–5.29) 2.11 (0.99–4.49)
Low Education level (<7 years of education) 2.19 (1.17–4.11) 1.96 (0.98–3.93) 1.93 (0.94–3.97)
Living conditions (compared with living alone)
with partner 0.64 (0.26–1.59)
with others 1.14 (0.35–3.7)




WHTR>0.718 2.94 (1.27–6.76) 3.27 (1.56–6.83) 3.78 (1.71–8.33)
Poor nutritional status (malnutrition and at risk vs normal) 14.26 (4.64–43.81) 10.79 (3.29–35.35) 9.67 (3.1–30.18)
BMI (compared with BMI < 22 kg/m2)
BMI (22–27) 0.72 (0.16–3.25)
BMI (>27) 1.24 (0.52–2.98)
Health-Related
Parameters
Polypharmacy 2.74 (1.34–5.6) 4.42 (2.21–8.86)




WDP pattern 2.97 (1.12–7.89)
HI-MEDDP pattern 2.27 (0.98–5.25)
Note: Bold values are statistically significant, p < 0.05.




Individuals N (%) Model 1 Model 2 Model 3
53 (15) OR (95% CI) p OR (95% CI) p OR (95% CI) p
Total
0.176 0.074 0.083
MOD-MEDDP 28 (52.8) 1 1 1
WDP 9 (17) 2.25(0.91–5.53) 0.078 2.44 (0.93–6.43) 0.07 2.68 (0.98–7.29) 0.054
HI-MEDDP 16 (30.2) 1.45 (0.7–2.98) 0.316 2.08 (0.96–4.54) 0.065 1.96 (0.86–4.45) 0.109
Men
0.482 0.735 0.011
MOD-MEDDP 14 (77.8) 1 1 1
WDP 3 (16.7) 1.14 (0.29–4.53) 0.85 0.89 (0.18–4.39) 0.885 6.63 (1.82–24.21) 0.004
HI-MEDDP 1 (5.6) 0.28 (0.03–2.35) 0.243 0.43 (0.05–3.62) 0.434 2.23 (0.93–5.32) 0.071
Women
0.027 0.013 0.013
MOD-MEDDP 14 (40) 1 1 1
WDP 6 (17.1) 4.57 (1.25–16.76) 0.022 6.76 (1.56–29.22) 0.01 11.54 (2.02–65.85) 0.006
HI-MEDDP 15 (42.9) 2.44 (1.02–5.79) 0.044 3.06 (1.15–8.15) 0.025 3.06 (0.97–9.62) 0.056
Model 1: model adjusted for age, gender, educational level. Model 2: model 1 further adjusted for nutritional status, and WHTR. Model 3:
model 2 further adjusted for polypharmacy and age-related conditions.
4. Discussion
Our study aimed at describing the prevalence of frailty and its associated factors,
including dietary patterns, in a national sample of community dwelling older Lebanese
individuals. In this rural and urban low socioeconomic sample, the estimated prevalence
of frailty was 15% on average, with 10% and 20% in men and women, respectively. In
men, poor nutritional status and being older than 75 years were found to be associated
with frailty. In women, in addition to these two factors, taking more than five drugs
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daily, having at least one age-related condition, having a WHTR > 0.718 and following a
Westernized-type DP were found to be independently associated with frailty. In women,
the HI-MEDDP showed a significant association with frailty prevalence after adjusting for
age, educational level, nutritional status, and WHTR. However, this failed to be significant
after further adjusting for polypharmacy and age-related conditions.
Our frailty prevalence can be compared to findings of a meta-analysis conducted
in 2018, where pooled prevalence of frailty was 17.4% [42]. A Lebanese national study
involving 1200 individuals reported a higher prevalence of frailty, at 36.4%, in an exclusively
rural elderly population. In this previous study, 73% of the sample had a monthly income
below the minimum wage, whereas in our studied sample, 57.8% had low or insufficient
income [19]. The difference with our results can be explained by the variability in study
design and tools used for the evaluation of frailty, as well as the heterogeneity between rural
and urban settings. Rural areas, being usually poorer and more affected by urban migration
of young adults, might witness a higher proportion of frail individuals. [45,54–56].
As shown in previous research, women are more often frail than men [54]. Our
results also showed that a low educational level (less than 7 years) was associated with
prevalence of frailty, particularly in women. As described in the Longitudinal Aging Study
in Amsterdam, the impact of low educational level increased the odds of frailty almost
three-fold and this association persisted throughout the 13 years of follow-up [57]. Health
related parameters were also found to be associated with frailty, particularly in women;
they were frailer if they were taking more than five drugs every day, suffered from two or
more diseases, and had at least one age-related condition. These factors have been often
linked to frailty in several settings [14,58–62].
WHTR was associated with frailty, in the multivariate analysis, suggesting a possible
role of higher abdominal adiposity. Although low BMI is known to be associated with
frailty, obesity is also considered as risk a factor of frailty [24]. A meta-analysis showed
that overweight individuals (BMI between 25–30 kg/m2) exhibited an increased risk of
frailty by 20%, whereas obese (BMI ≥ 30), have an increased frailty risk of 90% [21]. In the
longitudinal Doetinchem Study, a BMI < 23 kg/m2 and ≥30 kg/m2 was associated with
higher incidence of frailty [25]. Similar results were found in the Japanese cohort with a
lowest incidence of frailty at a BMI between 21.4 and 25.7 kg/m2 [22]. As shown by Kim et al.,
the risk of frailty is higher in obese women, which is mediated by WHTR, but not in obese
men [28]. In Spain, two cohort studies showed a parallel change of abdominal obesity and
BMI to be associated with an increasing risk of frailty [63].
The level of malnutrition was identified as an independent risk factor associated
with frailty, although our sample had a high proportion of obese. Our study showed that
malnutrition was associated with a substantially increased prevalence of frailty in the total
sample and in both gender groups. The relation between malnutrition and frailty was
already clearly established in previous studies, and overweight and obesity often co-exist
with frailty [21,22,27,28,63–65].
Among the three dietary patterns identified in our study, the WDP was associated
with a higher prevalence of frailty, in both men and women, independently of major
confounding factors. This pattern was characterized by a high median sugar intake par-
ticularly in in women, and the highest consumption among the three patterns in refined
flour products. Several studies reported a link between sugar consumption and the risk of
frailty. In the 5-year cohort Seniors-ENRICA study, a high consumption of added sugar,
≥ 36 g/day, compared to <15 g/day, was found to increase the odds of frailty by almost
two-fold [66]. Furthermore, in the Nurses’ Health Study, after adjustment for confounding
factors, consumption of ≥2 servings of sugar-sweetened beverages per day compared to
no consumption, increased the risk of frailty by almost 30% over a period of 22 years [67].
Healthy moderate DP and Mediterranean DP were often reported to be inversely asso-
ciated with frailty [34,36,68,69]. Frailty risk was also found to be inversely associated with
consumption of fruits and vegetables [70–72]. Our analysis showed that the Mediterranean
dietary pattern with moderate intakes, represented by the MOD-MEDDP in our study, had
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the lowest prevalence of frailty. On the other hand, when HI-MEDDP group was compared
to MOD-MEDDP in women, the predominance of obesity in this group, with a concomitant
high fat intake (the highest among the 3 DPs) and a median protein intake of 0.9 g/kg
BW, may have contributed to frailty in this subcategory. This could suggest that these
conditions, regardless of the quality of fat and diet, could outweigh the beneficial effect of
a Mediterranean diet on the prevalence of frailty. Previous reports suggested that protein
intake between 1 and 1.5 g/kg BW were necessary for the prevention of frailty [29–32].
In summary, our study was the first to explore the association between frailty and
specific dietary patterns extracted in a posteriori method, in adults over 60 years of age in
Lebanon, using specifically validated questionnaires. Despite the difficulties in addressing
this specific age group, we succeeded in shedding light on some findings specific to our
Mediterranean older adult population. Age, age-related conditions, polypharmacy, and
malnutrition, remain the main associated factors related to frailty in low socioeconomic
settings. We also showed that malnutrition and abdominal obesity co-exist as risk factors
for frailty. Most importantly, we demonstrated that a Westernized-type pattern with high
sugar consumption, and to a lesser extent, a Mediterranean high caloric intake pattern,
were also linked to frailty, and that a more moderate Mediterranean-like pattern was
protective, especially in women. More efforts should target actions that improve modifiable
factors to prevent or reverse frailty, such as eating patterns and diets that improve WHTR.
We note, however, some limitations concerning our results in relation to the low
number of frail participants adopting the WDP; this consequently implies taking the
present findings with caution.
Larger prospective studies are required to further investigate the impact of dietary
patterns on risk of frailty with a special emphasis on WHTR.
In conclusion, WDP had the strongest association with frailty in this sample. MOD-
MEDDP, in comparison to HI-MEDDP and WDP, was associated with the least prevalence
of frailty. In this Mediterranean sample, a diet far from the traditional one appears as a key
deleterious determinant of frailty.
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